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(54) Secure data processing method and system 

(57) A secure data processing system comprises a 
central processor unit (11), memory (12) and a security 
circuit (1 5) in the form of an application specific integrat- 
ed circuit. The security circuit has a cryptographic en- 
gine (19) and a cryptographic key store (18). 

The cryptographic engine operates on the contents 
of the cryptographic key store to generate a digital sig- 
nature. Means are provided to generate a digital signa- 



ture from a software or hardware component to be 
checked for authenticity and to compare the digital sig- 
nature from the component with the generated digital 
signature. An indication of the authenticity of the com- 
ponent is generated as a result of the comparison. The 
components of the system that can be checked include 
the boot firmware (16) for the system, the operating sys- 
tem and plug-in cards (13) for the system. 
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Description 

finanS ^nT^ * ^ PrOCeSSi " 9 a ° d SyS ' efn and is ° f particular ap P |ica,ion t0 a 

SO ftv^r a o ^l P a r< ^l SSin9 SyS ' em ' 13 USUa ' '° PfOVide 3 P"Vam™«* central processor unit, memory and other 
! 9 COmp ° nen,S - " is desirable ,0 provida • «*"» and hardware environment where the user 

SKdlr^ . 1 8,hGr th ° COmponen,s 01 the "ave been compromised either at 

nnarS™ 2? Sys ' cm includin 9 a Programmable central processor unit it is important to authenticate the 

is to be reliable m detecting any compromise of the components of the system 

comSslS^^^ 

hllfi P™ ess,n 9 s V ste ™ also includes a programmable central processor unit, memory a se- 

ZSTaS Y l C,Vpt09raphic s,ore " grating on the contents of the cryptograph' key store by means 

SZ2S2T? T 9 8 ,r0m COmp0nent t0 be «*■"««** ^ providing an indication of authent^Iy 
aZn.S 9 S,9n ° y e W |, W* e "9 ine •» ,hat !WW "om the component to be 

onH^^^T 1 ? 9 ^ PreSent inVen,i0 " thGre fe pfOVided a Posing astern including one or more com- 
™, 2 ^ authentoty, a programmable central processing unit, memory and a security circuit havinq 
a cryptographc engme and a cryptographic key store for storing one or more cryptographic keys the c^raTic 

^fr^T^ yS,em 10 bS Ch6Cked fof autflen,icit X a "d ™*™ being provkled to generate a digital 

The .nvent.on will now be described, by way of example, with reference to the acoc^panying drawings in which: 

Figure 1 shows a block diagram of a data processing system according to the present invention. 

Figure 2 shows detail of a security circuit included in the system of Figure 1 . 

Figure 3 shows a flow diagram of the operation of the system of Figures 1 and 2, and 

Figure 4 shows a flow diagram relating to the update of cryptographic keys used in the system of Figures 1 and 2. 

or a SlUfr 1 ' th T fe Sh ° Wn 3 6313 processi "9 s y slef " 10 which may be an automatic teller system 

P uo'n caTds STl!" T" M "* " ' 3 memory 1 2 ' provision "» add '™ al 

22(5 t^'fi^ T« ~ 96 14> 3 SeCUri,y CircUit 15 in ,he form of an a PP'*cation specific integrated circuit 
Safe bufi7^ , ^ e COmponen,s of ,ha ««* Passing system 10 are linked by means of a processor 

t**ZZ, ^I'T m3nner We " undefSt ood by those skilled in the art. In addition the system runs under^n 
operating system (OS) in a manner well understood in the art. unsunoeran 

The security circuit 15 is shown in greater detail in Figure 2. Referring now to Figure 2, the circuit 15 includes a ' 
oyptographic key and password store 18. a cryptographic engine 1 9 . a store 20 for a digi a. signature c££ and 

C ir«,B^ n ^!^ S J OWn) 3re provided to allow »» operator of the system to input keys and passwords into the security 
circuit 15 All the keys stored in the storag 18 are password protected, with the password defined (and chanoeabS 

eSbX^ 

The keys in the stor 18 are present to allow system components including firmware components and software 
components to be authenticated. The components to be authentk*,ed in the system of Figure include the o^aTg 
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system (OS), the firmware on the plug-in cards 1 3, and the boot firmware 1 6. The Invention may be applied to a system 
which has either more or fewer system components to be authenticated than the system depicted in Figure 1. For 
example a simpler system may not provide for the plug-in cards 1 3 and in this case provision may not be required to 
authenticate such cards. 

Each of the components of the system which are to be authenticated includes a digital signature which is embedded 
in the firmware of the component. The digital signature is embedded at a predefined location and is created by the 
supplier of the component as part of the manufacturing process. The algorithm for generating the digital signature uses 
an asymmetric key pair, with the vendor supplier keeping the private key securely and distributing the public key with 
the component to be authenticated. The public key is entered into the circuit 15 when the component is installed into 
the data processing system 10. 

The creator of each of the cryptographic keys entered into the circuit 1 5 will depend on the source of the component 
to which the keys relate. The keys may be symmetric or asymmetric and validate the respective components of the 
system according to the cryptographic process determined within the security circuit 15. The authentication process 
is tamper proof by reason of the fact that the process is contained within the security ASIC 15 and it is not feasible to 
alter the contents of this ASIC. The security system can not be disabled. 

A number of keys are pre-defined as shown in the following Table 1 : 
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Key Name 
Boot 



TABLE 1 



Type 

Asymmetric 



Use 

Creator 
Validation of 
boot firmware 
by ASIC 15 
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Cards (l-x) 



OS 



Asymmetric 



Symmetric 



The creator 
of the card 
firmware for 



ASIC 
The creator 
of boot 
firmware 
Validation of 
firmware of 
cards (1-x) 
cards (1-x) 
Validation of 
operating 
system boot 
Automatically 
generated by 
the ASIC (15) 

The process of starting up the data processing system of Figures 1 and 2 is shown in the flow diagram of Figure 
3. Referring now to Figure 3, the power on step 23 is followed by processor start-up step 24 and the execution at step 
25 of the initial code of the ASIC 1 5. A decision is taken at step 26 whether the boot key has been loaded and validation 
of the boot PROM 1 6 takes place in step 27 either directly or via step 28 if the boot key has to be entered. The process 
of validation in step 27 comprises the generation within the ASIC 15 of the expected digital signature using the 'boot' 
key. The generated digital signature is then compared to the actual digital signature from the boot PROM 16 and an 
indication is generated in step 29 whether the boot PROM is valid. If not valid, the process in Figure 3 is stopped. 

If the boot PROM 16 is validated, the process continues through the step 30 to execute the boot PROM and then 
begins in step 31 to operate on each of the plug-in cards 13. In the flow diagram of Figure 3, each card x (where x is 
the number of each card taken in turn) is checked by determining in step 32 if the corresponding card key has been 
entered in the ASIC 15 and validation proceeds in step 33 either directly if the key has been entered, or via the step 
34 if the key has still to be entered, validation of each plug-in card 1 3 is achieved by comparison of the digital signature 
generated for that card by the cryptographic engine 19 with the digital signature mbedded in the card using the ap- 
propriate 'card x* key (where x is the number of each card taken in turn. An indication is generated in step 35 whether 
the card is valid. If the card is valid, the card initial code is executed in step 36. 

If there are succeeding cards to be validated, this is determined in. stop 37 and the validation of all the cards 
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continues until all have been validated. Following validation of the cards, the boot record is validated in step 38 and 
an , indication provided in step 39 if the boot record is valid. The process of validation in step 38 is performed by gen- 

2„! ? ^ th8 ° Pefa,in9 SyS ' em 6001 USi "9 ,he OS ' key and ,hi * gainst the digital 

s !£S ! ^ 19,131 Si9 " a,Ure St0fe 20 " ,he 0001 record is valk * ,he 15001 °°de is executed in step 

* 40 and the system is running. H 

Referring now to Figure 4. the method of updating the keys will be described, to commence an operating system 

I UP< ^ ,e ' o S ' GP 41 ' 8 ° heCk iS made Whether 016 ,erminal is mnnin 9 h 6,eo 42 - » not inning, the system 
m powered up in step 43 and a check made in step 44 whether the system has failed. If yes. an update function key 
is pressed, a password for the selected key is entered and the new key is entered to arrive at the step 45 where the 
10 system starts normally. 

M( IT !S 44 'T" 3 ' h3S " 0t ,3iled - ,he key update pr °9 ram is run m s,e P 46 and *e operator of the system 
wtecte^K* .key to update in step 47. The password for the selected key is entered at step 48. the new key is entered 
at step 49 and the system is powered down in step 50. The system component (either a card 1 3 or the BIOS) is replaced 
at step 51 and the terminal powered up again at step 52. 

If there is a boot record failure as shown in step 53. an update function key is pressed at step 54 and the password 

™-™f h ™ Sys,em i si 9 na,ure 13 en,ered a < step 55. This results in the operating system digital signature being 
re-generated. The operating system operates normally at step 56. 

,nr^,r f c opera <j n 9 s y s,em is started - *e security is the responsibility of the operating system software. The se- 
curity ASIC 15 can then provide valiciation of digitally signed software. 

It will be apparent that the system described allows a trusted start up sequence that is required for successfully 
providing a complete secure system. It is envisaged that the keys could be stored in storage otitside the security ASIC 
15 For example they could be encrypted under a master key which is held within the security ASIC 15 which would 
make it impossible to alter or replace the keys. 
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Claims 



A method of determining the authenticity of one or more system components of a data processing system which 
also includes a programmable central processor unit, memory, a security circuit having a cryptographic engine 
and a cryptographic key store, characterized by the steps of entering one or more keys into the cryptographic key 
store operating on the contents of the cryptographic key store by means of the cryptographic engine to generate 
a digital signature referenced to a component of the system to be authenticated, generating a digital signature 
from the component to be authenticated, and providing an indication of authenticity by comparing the digital sig- 
nature generated by the cryptographic engine with that generated from the component to be authenticated. 

A method as claimed in claim 1. including the further steps of updating a key in the cryptographic key store by 
selecting a key to be updated, entering a password for the selected key and entering the updated key. 

A data processing system (10) including one or more components (1 3,16) to be checked for authenticity, a pro- 
grammable central processing unit. (11 ) and a memory (12). characterized by a security circuit (15) having a cryp- 
tographic engine (19) and a cryptographic key store (18) for storing one or more cryptographic keys, the crypto- 
graphrc engine being adapted to operate on the contents of the cryptographic key store to generate a digital sig- 
nature referenced to a component to be checked for authenticity, and means being provided to generate a digital 
signature from the component to be checked for authenticity and to provide an indication of authenticity by com- 
^th" 9 S ' 9na,Ure 96nera,ed by ,he cf VP to 9raphic engine with that generated from the component to be 



4. A spleni as claimed in claim 3, wherein a component to be checked for authenticity comprises boot firmware (16) 
for the system. * x ' 

5. A system as claimed in claim 3 or 4. wherein a component to be checked for authenticity comprises an operating 
system. 

* 6 ' tTdts! 35 Claim6d Cla,ni 3 ' 4 ° r 5 " Wherein 3 CCmp0n6nt t0 be Checked ** au, henticity comprises a plug-in 

7 " iTT.T ^"V 1 Cteim 3 ' ^ 5 ° r 6 ' Wh6rein the Sac0ri,y Circuit < 15 > has maans («> far storing passwords 
to control the entry of cryptographic keys into the cryptographic key store. 
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8. A system as claimed in any one of claims 3 to 7, wherein the security circuit (18) comprises an integrated circuit. 
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